Aim. To investigate gene expression profile of human medullary breast carcinoma's tumor-associated antigens in different histological types of breast tumors. To analyze à correlation between alterations in gene expression
Introduction. Breast cancer is the most widespread cancer type among women, remarkable for a high mortality rate and mostly presented by the tumors of epithelial origin -breast carcinomas (BCs). According to the histopathological features, there are three common types of tumors: invasive ductal breast carcinoma (DBC, 50-80 % of all BCs), lobular breast carcinoma (LBC, 5-15 %) and medullary breast carcinoma (MBC, 1-7 %) [1] . This heterogeneity of malignant breast tumors testifies to the urgency of searching for new markers, required for the differential diagnostics and therapy of this disease.
It is known that during carcinogenesis the human immune system recognizes structurally altered, amplified or aberrantly expressed proteins (tumor-associated antigens -TAA) as foreign entities. This may induce cellular and/or humoral immune response [2] . The study on the nature of immunogenicity of these proteins as well as the determination of specific or differential profiles of [the] TAAs gene expression in different histological types of BC may become a basis for the elaboration of novel and more efficient approaches and means for diagnostics and therapy of breast cancer. Besides, it will expand current views on molecular mechanisms of malignant transformation and antitumor immune response [1] .
The application of novel highly efficient technologies, in particular, phage display, SEREX (serological identification of antigens by recombinant expression cloning), SERPA (serological proteome ana-lysis), and protein microarrays as well as meta-analysis and scientific literature data allowed identifying a great number of potential tumor-associated antigens [3] . In our previous studies using the modified SEREX method we have also identified tumor-associated antigens of MBC [4] . However, their further application as probable diagnostic biomarkers of neoplastic diseases and targets for targeted tumor therapy should be defined in detail. In particular, [the] TAAs expression in different types of breast carcinomas and immunogenicity in cancer patients should be studied extensively, since presently it is not explicitly defined why some autologous proteins become autoimmune antigens in the course of tumor development. The majority of authors state that the humoral immune response is mostly directed to the proteins with altered concentration, while the share of proteins with antigen features acquired due to mutations is rather small [2, 5] . This item requires additional investigations.
The aims of this work were, firstly, to study the expression patterns of genes encoding nine MBC-associated antigens in breast tumors of different histological types compared to conditional normal breast tissues of women with fibrocystic disease, using the real-time polymerase chain reaction (PCR) and, secondly, to define a possible relation between the changes in the level of gene expression and the induction of humoral immune response to their protein products.
Materials and Methods. Tissues and blood serum samples of patients. The surgical samples of normal and breast cancer tissues were obtained in [2009] [2010] [2011] in the Dnipropetrovsk Clinical Oncological Center (Ukraine). The tissue samples were frozen in liquid nitrogen immediately after surgical extraction and kept until their application at -70°C. 35 breast carcinoma tissue samples were taken for study: invasive ductal carcinoma (n = 22), invasive lobular carcinoma (n = 8) and medullary carcinoma (n = 5).
[The] Breast tissues of patients with the fibrocystic disease (FCD) (n = 5) were used as control ( Table 1) .
The histological type and grade of tumors were defined by the histological and immunohistochemical analysis (Dnipropetrovsk Clinical Oncological Center).
The sera of cancer patients and healthy donors were provided by the Dnipropetrovsk Clinical Oncological Center and were used in the study ( Table 1 ). The serum samples were obtained by the standard phlebotomy without anticoagulant and kept at -20°C with the addition of glycerol to 50 %.
The protocol of the study was approved by the Ethics committees of the Institute of Molecular Biology and Genetics NAS of Ukraine and the Dnipropetrovsk Clinical Oncological Center.
Real-time PCR. The extraction of total RNA, treatment with DNAse and synthesis of cDNA. The total RNA was extracted from the breast tumors and normal tissues samples by guanidine-thiocyanatechloroform method using the standard protocol [6] . The amount and purity of the extracted total RNA were defined using the Biomate 5 spectrophotometer (Thermo Electron, USA) and 1 % formaldehyde-agarose denaturating gel-electrophoresis, respectively.
The aliquotes of total RNA (3 µg), extracted from the tissue samples, were treated with DNAse I according to the manufacturer's protocol (Fermentas, USA). The RevertAid Reverse Transcriptase Kit and oligonucleotide primers Oligo(dT)18 were used to synthesize cDNA in accordance to the standard manufacturer's protocol (Fermentas).
The real-time PCR was performed in iCycler iQ5 thermal cycler (Bio-Rad,) using SYBR Green I Master Mix 2 (Fermentas, USA). The amplification was performed with the following protocol: 95°C for initial denaturation (60 s) and 45 two-stage amplification cycles -denaturation at 95°Ñ (10 s) and hybridization of specific primers and their extension at 60°C (60 s).
The homogeneity and specificity of PCR products were analyzed by electrophoresis in 1 % agarose gel as well as by the presence of a sharp peak on the melting curves of reaction products.
The calculations of the relative expression of target genes normalized to the endogenous control and their comparison in different samples were performed by LinReg-Ct PCR method and Pfaffl's equation [7] :
Relative level of gene expression = where E TG and E RG -PCR efficiency for the target and reference gene, respectively; DCt TG -difference in Ct values, obtained for the target gene, between the control and tumor samples; DCt RG -difference in Ct values, obtained for the reference gene, between the control and tumor samples. The mean values of the corresponding genes expression in five samples of breast tissues of the patients with FCD were used as the control.
Enzyme-linked immunosorbent assay. The enzyme-linked immunosorbent assay of the number of antibodies against the medullary breast carcinoma antigens in the sera of breast cancer patients and healthy donors was performed pursuant to the standard protocol [8] . Their recombinant analogues, obtained in our previous studies, were used as the antigens [8] .
Statistical data processing.
The level of the target gene expression in the tumor tissue sample was interpreted as changed -increased or decreased -if it was threefold higher or lower, respectively, [3, 9] than the mean relative expression level of the corresponding gene in the control group of conditional normal breast tissues of the patients with FCD according to the PCRanalysis data [3, 9] . The reliable difference between the frequencies of detecting the cases with the changed gene expression in BC compared to conditional normal tissues was determined using Pearson's criterion (÷ 2 ).
The serum samples were considered positive if the index of their optic density in the enzyme-linked im- Note. SD -standard deviation; ER -estrogen receptor; PR -progesterone receptor; FCD -fibrocystic disease. ImmunomeDB/) was used for bioinformatical analysis of SEREX-antigens.
The frequency of antigen detection in the cDNA database of CID was determined using Excel software (Microsoft Office, 2007).
Results and Discussion. The panel of nine target antigens, selected for the analysis. Nine target antigens were selected to study the expression profile in breast carcinomas of different histological types compared to normal breast tissues. The panel of nine target antigens (P9TA) contained seven potential MBC tumor-associated antigens (TAAs) (RAD50, FAM50A, HMGN2, RBPJ, PABPC4, CTSL1, DEK), which were selected on the basis of the phage allogenic screening of 41 MBC autoantigens [10] due to their reaction only with the blood sera of breast cancer patients [11] . BRAP and NaPi2B proteins were included in the analysis because of the elevated level of their genes expression in different tumors, including breast tumors (Table 2) .
It should be noted that NaPi2B antigen is the target of therapeutic monoclonal antibodies MX35, which are under clinical trials for the treatment of ovarian carcinomas [16] [17] [18] [19] . The detection of new sites of NaPi2B expression in tumors expands a possible application of MX35 antibodies for the therapy of patients with other types of cancer, breast cancer in particular.
The determination of the relative gene expression of target antigens at the mRNA level in different types of breast carcinomas using real-time PCR. Real-time PCR was used to determine the P9TA gene expression profile in different types of breast tumors and in non-tumor tissues.
The results of PCR-analysis are presented in Table  3 , namely, the number of BC samples and tissues of the patients with FCD with altered gene expression. It is noteworthy that the expression levels of all nine target antigens in the tissue samples of the patients with fibrocystic diseases did not exceed the established threshold, with the exception of one case of the decrease in SLC34A2 gene expression ( Table 3) .
The investigations demonstrated a significant difference in the expression levels of three genes (RAD50, DEK, BRAP) in BC compared to the breast tissues of the patients with FCD. We established that [the] DEK gene expression was three times higher in BC compared to the control tissue and [the] expression of genes RAD50 and BRAP was three times lower in BC compared to the control tissue. This is in good agreement with the previously reported literature data, according to which the above-mentioned genes are directly or indirectly involved in carcinogenesis.
We have also analyzed the P9TA genes expression relative to the histological types of breast carcinomas (Table 4 and Fig. 1) .
The comparative analysis of the expression of investigated genes in different histological types of BCs and in the tissues of patients with FCD allowed us to establish some group differences (Table 4) (Fig. 2) .
The comparative analysis of the immune reactivity of blood sera of the breast cancer patients with recombinant MBC antigens and the expression level of the corresponding genes of these antigens in breast tumors of the autologous patients was performed. In our previous studies the presence of antibodies against antigens of MBC, including RAD50, FAM50, HMGN2, PABC4 and RBPJ was examined in blood sera of the breast cancer patients and healthy donors using the enzyme-linked immunosorbent assay [8] .
The aim of current investigation is to find out a possible correlation between the alterations in the expression of five genes, RAD50, FAM50A, HMGN2, RBPJ and PABPC4, and the existence of immune response to their protein products. For this purpose the paired Note. *p < 0,05; **p < 0,01. Note. IDBC -Invasive ductal breast carcinoma; ILBC -Invasive lobular breast carcinomaê; MBC -medullary breast carcinoma; *p < 0,05; **p < 0,01. Table 4 Profile of P9TA genes expression in breast carcinomas of different histological types autologous tumor and blood sera samples, obtained from 17 breast cancer patients, were analyzed. Regardless of several coincidences of positive immune response to the antigens RBPJ and RAD50 and the changes in the expression of their genes (Table 5) , we can conclude that the altered genes expression does not correlate with the existence of the immune response to their correspondent antigens. Our data confirm the assumptions of the authors in the work [3] that the altered gene expression is not a mandatory prelude for the formation of immune response against their protein products [3] . The ultimate solution of the question on the reasons of TAAs immunogenicity requires the investigation of target antigens expression using a larger number of BC samples, as well as the assessment of protein abundance, as mRNA level does not always correlate with the amount of the corresponding protein product [20] .
Table 3 The analysis of expression of nine target genes in breast carcinomas and tissues of patients with fibrocystic diseases (FCD)
Therefore, we have demonstrated using the quantitative PCR method that three genes (DEK, RAD50 and BRAP) out of nine SEREX-antigens investigated have significantly different expression levels in BC tissues compared to the breast tissue of patients with fibrocystic diseases.
We have identified the differential expression profile of six genes (RAD50, HMGN2, RBPJ, PABPC4, BRAP and DEK) in various histological types of breast carcinomas compared to the tissues of patients with FCD. The results of analysis of the SLC34A2 gene expression in different histological types of BCs testify to its increased expression in approximately one third of all breast carcinomas (11 out of 35) that is important for the determination of the breast cancer patients presumably sensitive to the therapy with MX35 monoclonal antibodies [16] .
We have not established any direct correlation between the immune reactivity of five antigens (RAD50, FAM50A, HMGN2, RBPJ ³ PABPC4) in the sera of breast cancer patients and the altered expression level of their genes in the autologous breast tumors.
Therefore, the data obtained allow suggesting that the antigens RAD50, HMGN2, RBPJ, PABPC4, BRAP and DEK are potential diagnostic markers and possible targets for the therapy of certain cancer types, which requires further studies using different methodological approaches as well as a larger number of tissues samples taken from the patients with BC of certain histological types.
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